Abstract
INTRODUCTION
Acute Type A aortic dissection (AAD) remains a treatment challenge. Despite improvements in perioperative patient care and surgical technique, early mortality and morbidity rates remain high. The postoperative mortality rate is reported to be 8-34% [1] [2] [3] . Also, surgical indications for high-risk patients, including octogenarians and patients requiring extensive replacement or cases with ischaemia, remain controversial [4] [5] [6] [7] [8] [9] . Nevertheless, surgical indications are expanding to include more severe cases with malperfusion and patients with an advanced age [10] [11] [12] [13] .
Two main treatment options are available: conventional ascending aorta replacement and total aortic arch replacement (TAR). Despite the low incidence of the need for reintervention in the residual aorta, TAR has high mortality and morbidity rates because of the extensive repair that is required [5, [14] [15] [16] . In acute dissection settings, the primary aim is life-saving surgery. We have mainly treated such patients with hemiarch repair (HAR) using the transapical cannulation and adventitial inversion techniques [17, 18] . We will operate on all patients regardless of the perioperative status, including age and the presence of comorbidities, if desired by the patient and family. Herein, we evaluated the outcomes of aortic repair via transapical cannulation and the adventitial inversion technique for patients with AAD.
PATIENTS AND METHODS

Patient population
Between January 2008 and April 2015, 300 patients underwent  emergency surgery (271 HARs and 29 TARs) for Type A acute aortic dissection at the Kawasaki Aortic Center (KAC), Kawasaki, Kanagawa, Japan. The local ethics committee approved the study and waived the need for patient consent. The demographics and clinical characteristics of the patients are presented in Table 1 . The indications for surgery were the absence of contraindications if desired by the patient or family. Surgery was deferred only if the patient or the patient's family did not wish the patient to undergo the operation. The multidisciplinary treatment group in charge of care included a cardiovascular surgeon, interventional radiologists, cardiac anaesthesiologists, cardiologists, nurses and perfusion specialists. Overall, 18% (54/300) of the patients were octogenarians, and 21.7% (65/300) had cardiac tamponade; 25% (75/300) had preoperative malperfusion.
Surgical management
As described by our group in prior publications, all surgeries were performed as emergency surgeries [17, 18] . We did not spend time performing additional preoperative examinations, including coronary artery and cerebral imaging. After bicaval drainage was performed, a 1-cm incision was made in the apex of the left ventricle without a purse-string suture for transapical cannulation. A 24-Fr Flexmate cannula (TOYOBO Ltd, Osaka, Japan) containing the stylet of a left ventricular vent catheter was used. The tip of the cannula was positioned in the true lumen of the ascending aorta under transoesophageal echocardiographic guidance. A left ventricular vent cannula was inserted via the right superior pulmonary vein, and a retrograde cardioplegia cannula was inserted through the coronary sinus. Once deep hypothermic circulatory arrest was achieved at a tympanic temperature of 20 C, cardiac arrest was obtained by retrograde cardioplegia, and the ascending aorta was opened. Selective cardioplegia was performed thereafter. For cerebral protection, we used retrograde cerebral perfusion in all cases. If the duration of the circulatory arrest was prolonged, we also used selective cerebral perfusion. Distal trimming was performed by resecting as much of the lesser curvature of the aortic arch as possible. Distal anastomosis was created using the adventitial inversion technique. The adventitia was trimmed to about 1 cm longer than the level of the intimal edge. Distal anastomosis was performed using a 4-0 polypropylene running suture with reinforcement using interrupted double-pledgeted sutures without a felt strip (Fig. 1) . The proximal aorta was trimmed at the level of the sinotubular junction. Either gelatin-resorcinol-formaldehyde during the period from 2008 to 2011 or Bioglue during the period from 2012 to 2015 was injected between the intima and adventitia of the proximal aorta to confirm the attachment of the proximal aorta. TAR was indicated when HAR was difficult to perform because the intimal tear extended towards the greater curvature of the aorta or because of the aortic arch aneurysm. We also performed TAR when resection of the primary tear in the aortic arch was essential to improve preoperative malperfusion. These operations were performed by 18 different surgeons who had received training in an aortic surgery programme.
Patient follow-up
The mean follow-up period was 31.7 ± 25.2 months. The followup protocol included postoperative computed tomography without enhancement before discharge and a clinical examination and computed tomography without enhancement examination in our outpatient clinic at 3 and 6 months postoperatively and annually thereafter. 
Statistical analysis
Continuous data are presented as the median ± standard deviation; categorical variables are presented as counts and percentages. To compare continuous variables, the Student's t-test was applied when a normal distribution was present. For non-normally distributed variables, the Mann-Whitney rank-sum test was used for comparison. Categorical variables were compared using the v 2 test; for comparisons with a small group size (n < 5), the Fisher's exact test was used. The survival and freedom from reintervention rates were analysed using the Kaplan-Meier method and log-rank calculations. All the statistical calculations were performed using JMP (SAS Institute Inc., Tokyo, Japan).
RESULTS
Surgical treatment
HAR was performed in 271 patients, and TAR was performed in 29 patients. The following concomitant procedures were also performed: coronary artery bypass grafting in 5 patients, aortic root replacement in 16 patients, a femoro-femoro bypass in 5 patients, an aortobifemoral bypass in 1 patient and partial remodelling in 1 patient (Table 2) .
In-hospital mortality and survival
The in-hospital and 30-day mortality rates were 8.3% (25/300) and 6.7% (20/300), respectively. The 30-day mortality rate was 2.7% (6/ 225) among patients without preoperative malperfusion and 18.7% (14/75) among patients with malperfusion (P < 0.0001), 7.4% (4/54) among octogenarians and 6.5% (16/246) among patients aged less than 80 years (P = 0.81), and 6.3% (17/271) among patients treated with HAR and 10.3% (3/29) among patients treated with TAR (P = 0.403). The primary reasons for in-hospital deaths were infection in 6 patients, low output syndrome in 5 patients, multiple organ failure in 3 patients, bleeding in 2 patients, stroke in 2 patients and ischaemia of the lower extremities, respiratory dysfunction, rupture of a remnant aneurysm and bowel ischaemia in 1 patient each. Postoperative complications are described in Table 3 .
Patients with preoperative organ malperfusion
In this series, 33 patients had visceral, renal or lower extremity malperfusion. HAR was performed in 29 of 33 patients. Among these patients, the primary tear was not resected because no tear was detected intraoperatively in the ascending aorta in 8 patients or the aortic arch in 6 patients and because of the patient's preoperative condition in 2 patients. Persistent ischaemia was noted in 1 patient. In this patient, postoperative thoracic endovascular aortic repair was performed to expand the true lumen and improve visceral perfusion.
In-hospital mortality risk factors
Preoperative malperfusion was an independent predictor of perioperative mortality in a multivariable analysis (Table 4) .
Long-term survival
The overall survival rates at 1, 3 and 5 years were 88.7%, 86.7% and 82.0%, respectively (Fig. 2 ). 
Distal reintervention
The distal reintervention rate was 11% (33/300). The rates of freedom from reintervention at 1, 3 and 5 years were 95.9%, 88.9% and 80.0%, respectively (Fig. 3) . The in-hospital mortality rate after reintervention was 3.0% (1/33). The indications for distal reintervention were growth of a patent false lumen in 17 cases, a non-addressed primary entry in the distal arch or descending thoracic aorta after HAR in 8 cases, growth of the aneurysm in the distal aortic arch or descending thoracic aorta discovered at the time of the initial surgery in 7 cases, acute Type B dissection in 2 cases and haemolytic anaemia because of stenosis of the distal anastomosis in 1 case.
DISCUSSION
Despite improvements in preoperative diagnosis, surgical techniques and perioperative care, AAD continues to be a challenging aetiology for cardiovascular surgeons, with perioperative mortality rates ranging between 8% and 34% [1] [2] [3] . The primary goal in treating AAD is to prevent early mortality caused by aortic rupture, cardiac tamponade and organ malperfusion. While the need for reinterventions for the remnant aorta should be minimized, the primary priority of emergency surgery is still to improve early mortality. In this article, we treated AAD and obtained low mortality and morbidity rates using transapical cannulation and the adventitial inversion technique. We have been treating patients with AAD, regardless of the patient's physical status and age if the patient and the patient's family desired surgery. So, the present patient group contained relatively high-risk patients: 18% (54/300) of the patients were octogenarians, 21.7% (65/300) had cardiac tamponade and 25% (75/300) had preoperative malperfusion. Even so, our surgical strategy yielded acceptable early operative results, with in-hospital mortality and 30-day mortality rates of 8.3% (25/300) and 6.7% (20/300), respectively. Our basic strategy is to perform immediate aortic repair, regardless of the patient's status or onset of the dissection. We do not spend time performing additional preoperative examinations, including coronary artery and cerebral imaging. The basic operative technique mainly consists of HAR via transapical cannulation and the adventitial inversion technique. The false lumen was obliterated distally using the adventitial inversion technique and proximally by applying glue between the intima and adventitia. The advantages of transapical cannulation are the quick establishment of cardiopulmonary bypass and secure true lumen perfusion. This technique can be applied in most cases, except those with severe aortic stenosis or prior aortic valve replacement and some reoperation cases. Furthermore, an additional skin incision for axillary or femoral cannulation is unnecessary. Haematoma formation around the cannulation site is a possible, but very rare, complication. In our experience, no evidence of aortic regurgitation is visible on transoesophageal echocardiography even after the cannula has been inserted into the ascending aorta through the aortic valve [17, 18] . As described in a previous report, the adventitial inversion technique reportedly promotes thrombus formation in the false lumen [19] . We also believe that this technique reinforces the distal anastomosis and decreases the risk of intimal tear at the distal anastomosis.
To minimize the risk of stroke and organ dysfunction associated with a longer duration of cardiac ischaemia and circulatory arrest, our group does not routinely perform prophylactic TARs. In some reports, TAR was not only a risk factor but also an independent risk factor for perioperative mortality and permanent neurological injury [5, [14] [15] [16] . Instead, we perform mainly HAR to resect the lesser curvature as much as possible and the adventitial inversion technique to promote thrombosis of the false lumen. The effectiveness of these procedures has been described previously [17] [18] [19] 20] . In most of the cases, the dissection extended beyond the aortic arch. Therefore, routine TAR would not have eliminated the entire dissected tissue in these patients. We performed TAR when it was unavoidable due to the aortic aneurysm or intimal tear extending towards the greater curvature of the aorta, and the resection of the primary tear in the aortic arch is essential to improve preoperative malperfusion. Needless to say, if HAR is indicated and the primary entry tear is left unresected because of the patient's preoperative condition or the location of the tear in a patient with preoperative malperfusion, close follow-up of the patient is necessary to monitor for persistent postoperative malperfusion.
Distal reintervention
To minimize the risk of reintervention, some groups perform routine TAR. These days, even more aggressive approaches, such as the frozen elephant trunk technique and other endovascular approaches, have been reported [21] , but the long-term outcomes of these methods remain inadequate. The reported freedom from reintervention after an initial repair for AAD differs among reports and cannot be directly compared because of differences in procedures and patient populations [22] [23] [24] [25] [26] [27] [28] . Using a combination of routine HAR and the adventitial inversion technique, the freedom from reintervention rates at 1, 3 and 5 years were 95.9%, 88.9% and 80.0%, respectively. Distal reintervention was necessary in 11% of the patients, but the in-hospital mortality rate for elective reintervention was only 3.0%. The overall survival rates at 1, 3 and 5 years were 88.7%, 86.7% and 82.0%, respectively. These data suggest that routine HAR at the time of the initial surgery and subsequent distal reintervention can be safely performed to treat patients with chronic aorta dissections. Considering the still high perioperative mortality and morbidity rates associated with TAR for acute aortic dissection and the low risk of elective reintervention for the residual aorta, deferring the TAR in acute settings might be justified.
Surgery for octogenarians
In this report, the operative mortality rate for patients over 80 years of age was acceptable. As reported in other reports, surgery for octogenarians is justified, because the rate of malperfusion is lower in this patient group [8, 29] .
Our belief is that these operative techniques alone do not lead to an improved outcome but that a multidisciplinary approach and standardized treatment strategy are essential for the treatment of AAD. Established in 2003, the KAC has performed open thoracic aortic surgery using a multidisciplinary, dedicated aortic surgery team. The KAC team includes cardiovascular surgeons, interventional radiologists, nurses, rehabilitation staff, social workers and nutritionists and other paramedical members. These team members aggressively collaborate in the postoperative care of AAD patients. As reported in another study, the outcomes of thoracic aortic surgery can be improved when the operations are performed at a high-volume, experienced centre [30] . Considering the poor preoperative status of emergency cases, standardized treatment is also essential for the treatment of AAD patients.
To further improve the treatment of AAD, the most effective strategy would be to improve the treatment of cases with malperfusion. These days, an interventional radiologist is included in the multidisciplinary team and is available to perform necessary interventions promptly (either before or after the surgery, depending on the status of the ischaemic organ) in cases with malperfusion.
Limitations
This study had several limitations. First, the study was a retrospective, observational study performed at a single centre. Second, the mean follow-up period was 31.7 months. A larger study with a longer follow-up period is needed.
CONCLUSIONS
A standardized approach consisting of routine aortic repair via transapical cannulation and the adventitial inversion technique for AAD and perioperative care by a multidisciplinary team has enabled good early results. To further improve outcomes, an improved strategy for the treatment of AAD patients with preoperative malperfusion is mandatory.
